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(54) Non-contact optical monitor 

(57) An optical device for monitoring characteristics 
of a liquid or solid sample which operates without con- 
tact between a radiation source (3) and a detector (15) 
and the sample and without a sampling system. The de- 
vice is capable of accommodating to varying range be- 
tween the device and sample and the means of accom- 



modation can be used both to infer the range between 
the device and sample and to correct for fouling of the 
optical windows of the source and detector units. Using 
scattering, fluorescence and flow velocity measure- 
ments the polluting load of a wastewater can be de- 
duced. 
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Description 

[0001] This invention relates to the measurement of the characteristics of a liquid or solid sample by an optical non- 
contact method. . 

[0002] Industrial processes frequently require monitoring of one or more key parameters which characterise the 
quality of the process material., for example the turbidity or colour of a beverage. Many of these measurements are 
made rapidly and continuously by online process analysers rather than waiting for the results of sampling the process 
maienal and making the measurements off line in a laboratory. Some process materials are particularly difficult to 
handle such as sewage.dalry products ormolten metals and this has given rise to non-contact measurement techniques 
Which seek to make the measurement whilst avoiding direct contact between the measuring system and the process 
matenal. There may also be health and safety issues which make non-contact measurement desirable 
[0003] An example of such a process is the collection, treatment and discharge of wastewaters fUlunicipal sewage 
treatment plants and industrial wastewater treatment plants are required to reduce the polluting load of the waste to 
an agreed level prior to discharge, and will benefit from continuous measurement of some key pollution parameters 
such as suspended solids concentration, biochemical oxygen demand (BOD), chemical oxygen demand (COD) and 
ammonia concentration. Such data is of use both at the discharge of the plant and also at the inlet and within the 
collection network, where for example significant changes in the polluting load can notify operators of the need to adjust 
the aeration in the biological stage of the plant. This perceived need has been met by a range of monitoring instruments 
sonrie of which are dipped into a flowing channel, others pump a sample through a chemical analyser. The reliability 
of these instruments is badly affected by the direct contact with the wastewater sample which frequently blocks pipes 

orcoats optical surfaces with layers of grease or biological films or dirt. Furlherthese instruments are frequently complex 
machines so that the cost of monitoring the wastewater is high both in initial capital cost and the maintenance costs 
of keeping the instruments operating within acceptable accuracy. Many of these machines require supplies of services 
such as compressed air or mains water to assist in cleaning, thus incunring both installation and operating costs arid 
restricting their application. . a 

[0004] In the prior art a number of non-contact methods have been devisedto minimise or eliminate the direct contact 
between the sample and the measuring equipment. Examples of these are the surface scatter turtsidimeter described 
in US patent number 3309,956, which uses a special flowcell where the sample fomis a mirror-like surface and the 
sample turbidity is measured by interrogating the surface using a beam of light and a detector whteh is arranged to 
measure non-speculariy reflected light. A development of this system is described in US patent number 5 400 137 
which employs a very similar flowcell arrangement but includes, in addition to the turbidity measurement a light source 
and detector for fluorescence measurement for oils or other fluorescent material. Variants on the non-contact principle 
are the falling column flowcells produced by Sigrist in which the sample is arranged as a continuous falling stream " 
which IS interrogated optically to detennine turbidity, absorbance or fluorescence. The Sigrist instruments employ light 
sources and detectors arranged around the falling column, whilst the an-angement described in UK patent number 
2,31 0,282 uses a beam of light which is directed into a falling column from within a header tank above and then can 
detect light which is scattered or absorbed by the falling liquid sample. All of these non-contact systems use a sampling 
system which is itself subject to fouling and blockage. Further, the sampled liquid may not be representative of the 
mam flow, especially where there is a range of different suspended material present. 
■»o [0005] We have now found a way to overcome these difficulties. Broadly, the invention relates to a devtee for mon- ' 
itonng one or more characteristics of a Ik^uid or solid sample, and involves a radiation source adapted to direct radiation 
whch IS preferably collimated radiation, to the sample, and a detector adapted to receive the radiation back from the 
sample. 

[0006] In an especially advantageous embodiment of the invention, the device comprises at least one source of 
collimated radiation, and at least one detector for the collimated radiation, the detector being capable of detecting 
radiation retuming from the sample, wherein the optical axis of the radiation source or sources and the optical axis of 
the detector or detectors are non-parallel. 

[0007] In an embodiment, the device includes at least two sources of collimated radiation arranged side by side, or 
at least two sources of collimated radiation an-anged on a common optical axis. 

[0008] 1 n an embodiment, the device includes at least two radiation detectors arranged side by side, or at least two 
radiation detectors arranged on a common optical axis. 
[0009] Preferably, the each collimated radiation source is a laser. 

[0010] In an embodiment the device is capable of being operated in a hand-held fashion. To this end the device may 
be provided with means to enable it to be held by hand, such as a hand grip, and is of a size and weight such that it 
IS readily portable. In this embodiment, it is preferably that the device further comprising means to measure the range 
from the device to the sample surface, such as a positjon sensith/e detector. It is also desirable that the device further 
comprises an inclinometer. In this embodiment, the detector is preferably movable relative to the radiation source an 
adjustable connection may be provided between the source and the detector, and preferably this connection is a'tel- 
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escopable connection. 

[0011] Preferably, the device further connprising means to accommodate changes in level of the sample. 
[0012] Desirably, the radiation source is pivotable and controllable such thai the interaction between radiation and 
sample occurs on or close to the optical axis of the radiation detector. 
5 [0013] It is preferred that the angle between the axis of the collimated radiation and the detector optical axis is 
controlled by the device using a mirror on a motorised rotating shaft such that the interaction between radiation and 
sample occurs on or close to the optical axis of the radiation detector 

[0014] In a preferred embodiment, the detector consists of a linear array of detectors, or a single position sensitive 
detector such that as the level varies the image of the region of interaction of the source radiation and sample moves 
10 laterally across the detector. 

[0015] In a preferred embodiment, the radiation source and radiation detector are mounted together on a float which 
is free to move on one or more swinging arms or tethers maintaining a constant range between the radiation source 
and detectors and the sample surface. 

[0016] preferably, the device further comprising means for measuring the losses across the optical windows. The 
15 means for measuring the losses across the optical windows may include a detector window arranged such that colli- 
mated radiation from the radiation source can be passed through the radiation source window and detector optical 
window directly, without interaction with the sample. 

[001 7] Desirably, a correction is applied to the delected radiation for the varying range to the detector, incident angle 
and scalier angle of the collimated radiation beam. 
20 [0018] Preferably, the device further comprises a data smoothing means, such as a median filter, for smoothing the 
data received by the detector. Some applications generate spurious high values for the scatter and fluorescence data 
caused by for example large ripples, foam and highly reflecting floating objects. The data can be smoothed to remove 
these spurious data values using the median filter. 

[0019] In a preferred construction, the device comprises a radiation source housing containing the or each radiation 
25 source, a detector housing containing the or each detector and a lens arranged such that radiation from the or each 
radiation source must pass through the lens in order to reach the or each detector, a support for supporting the detector 
housing and the radiation source housing, and control means for controlling the or each radiation source and the or 

each detector 

[0020] According to another aspect of the invention there is provided the use of a device, as described above, to 
30 measure the polluting properties of an aqueous sample. Thus, the device can be used to infer the suspended solids 

content of the aqueous sample from measurements of scattered radiation at one or more wavelengths. 

[0021 ] The measurement of fluorescence using excitation in the range 360 — 410 nanometres and emission in the 

range 570 — 630 nanometres can be used to infer the organic load of an aqueous sample which maybe expressed 

as biochemical oxygen demand or chemical oxygen demand. 
35 [0022] The measurement of fluorescence using excitation in the range 360 — 41 0 nanometres and emission in the 

range 570 — 630 nanometres can be used In combination with measurements of scattered radiation to infer the organic 

load of an aqueous sample which may be expressed as biochemical oxygen demand or chemical oxygen demand. 

[0023] The flow velocity of the aqueous sample can be used in combination with other measurements to infer the 

suspended solids and organic load of the flowing sample, 
40 [0024] The invention also provides a method for detenmining characteristics of a solid or liquid sample which involves 

directing collimated radiation at the sample from a source along a first axis, and i'eceiving the radiation back from the 

source at a detector along a second axis different from the first axis. 

[0025] The measurement of fluorescence, especially at the wavelength ranges indicated above are particularly useful 
for monitoring sewage, which has been found to respond that these wavelengths. Thus, the Invention also provides a 
'*5 method for monitoring sewage using the device described above, by measuring fluorescence using excitation and 
emission in the wavelengths described above. 

[0026] Reference is now made to the accompanying drawings, in which: 

Figures 1 to 8 are schematic side elevations of embodiments of an optical monitor according to the invention; 
50 Figure 9 is a schematic side elevation of a handheld embodiment of an optical monitor according to the invention; 

and 

Figure 1 0 shows the embodiment of Figure 9 in greater detail. 

[0027] Referring to Figure 1 , there is provided an optical detector unit 1 mounted on a support in the form of a rigid 
55 bar 2. A collimated radiation source unit 3 is also mounted on the bar 2, and is pivoted about point 4. A beam of radiation 
5, from the source 3, strikes the sample surface 6 producing a specular reflected beam 7. and a refracted beam 8. 
Other processes of interaction of the incident radiation 5 and the sample such as scattering or fluorescence may 
generate beams of radiation such as 9. 10, 11 and 12; some of this radiation, such as that designated 13 is collected 
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by a lens 14 to be focused on a detector 15 housed within the unit 1 . ■ ■ ^ 

[00281 The unit 3 includes a precision motor or other means of rotating it about the pivot point 4; this rotation is under 
the control of a computer 16. In an alternative embodiment the movement of the beam of radiation may be achieved 
by deflecting the radiation beam using a mirror mounted on a rotating shaft. Within the unit 3 there may be more tlian 
5 one radiation source operating at different optical wavelengths and the selection of radiation source is under control 
of the computer 1 6. The detector 1 5 is also connected to the computer 16. 

[00291 The arrangement is such that the radiation source unit 3 swings around the pivot 4 under control of the com- 
puter 16 until the detector 15 registers a maximum response. By this means the interaction of the radiation and the 
sample may be measured over a range of sample levels, and the range between the detector unit 1 and sample surface 
10 6 can be calculated from the position of the radiation source unit 3 when the maximum signal is registered at the 

detector 15. ■ o # • 

[0030] In an alternative embodiment the variations in level can be accommodated without moving parts. Refernng 
to figure 2. the radiation source unit 3 is attached to the rigid member 2 at a fixed angle q). With the liquid sample at a 
low position 1 7. the radiation produced by the interaction with the sample is imaged by lens 1 4 of detector unit 1 on to 

15 the detector 1 5 at position 1 8. As the sample level rises to position 1 9 the radiation produced by the interaction with 
the sample is imaged by lens 1 4 centrally on to the detector 1 5. At a higher sample level 20 the radiation produced by 
the interaction with the sample is imaged by lens 1 4 on to the detector at position 21 . It may be seen therefore that as 
the sample level moves vertically, the position of the imaged radiation on the detector moves laterally. If the detector 
15 is a position sensitive detector, or an array of detectors, the sample level can be inferred by the established method 

20 of triangulation from the position of the radiation falling on the detector 1 5. At the same time, inf omnat.on about the 
strength of the interaction between the radiation and sample is available from the intensity of the radiation falling on 
the detector 1 5. If an array of detectors is used the progressive decay and spread of the radiation as it penetrates the 
sample may be measured to gain additional information about the sample. 

[00311 In a further alternative embodiment variations in liquid level are accommodated by allowing the optical system 
25 to float on the sample surface, which can only be liquid in this embodiment, maintaining a constant range between the 
optical system and the sample surface. Referring to figure 3. the optical system is mounted on one or morefloats22 
which are attached by one or more arms 23 pivoted at points 24 and 25. or a simple tether to a rigid support 26. The 
measurement equipment on the floats consists of a radiation source unit 3, which may contain one or more different 
sources of collimated radiation, and a detector unit 1 mounted on a rigid frame 27 on the float(s) 22. The radiation from 
the source unit 3 strikes the liquid surface at 28 and interacts with itto produce scattered, fluorescent or other radiation 
which is radiated upwards from the liquid surface. Some of this radiation is collected by lens 14 which focuses the 
radiation on a detector 15. As the liquid level changes, the float-mounted equipment rides with the liquid maintaining 
a constant range between the optical units 3 and 1 and the liquid. The system may include a rotational transducer or 
other means to monitor the angle between the amis 23 and the float(s) 22 and hence deduce the liquid level. The 
radiation source unit 3 operates under control of a computer, not shown in this diagram, connected to both the radiation 
source unit 3 and the detector unit 1 . The computer may be mounted on the float or nnay be mounted with the ngid 
support on the sides of the channel, tank or other stnjcture. ... 
[00321 A number.of arrangements of radiation sources and detectors are possible within the basic geometries of 
figures 1 2 and 3 depending upon what measurements are required to characterise the liquid sample. Referring to 
40 figure 4 which uses the configuration of figure 1 byway of example, the radiation source unit 3 generates two or more 
separate collimated beams of radiation side by side 29 and 30. These strike the sample surface 6 and interact with 
the sample producing radiation above the sample surface. This radiation is focused by lens 14 and produces images 
of the regions of Interaction on two or more detectors 31 and 32 which are arranged to respond to the radiation of 
interest for example by the use of suitable filters. Two separate lenses, one for each detector, could be used in place 
-*5 of the single lens 1 4. In addition to collecting data.which characterises the sample 6, this arrangement can be used to 
measure the surface velocity of the sample along the direction 33 using cross correlation of the signals measured at 

detectors 31 and 32. ....... u 

[00331 The radiation sources and detectors may be anranged side by side in a plane at nght angles to that shown in 
figure 4. Referring to figure 5, using as an example the configuration of figure 1. two or more collimated beams of 
50 radiation 34 and 35 are arranged to emerge side by side from the radiation source unit 3 and strike the sample surface 
6 below the detector unit 1 . This contains two or more radiation detectors 31 and 32 arranged side by side and with a 
radiation response suited to the properties of the liquid sample being monitored. Radiation emerging from the sample 
surface 6 is focused on the detectors 31 and 32 by one or more lenses 14. 

[00341 There is a further different possible arrangement of radiation sources and detectors which may be used within 
55 the basic geometries of figures 1 . 2 and 3, Using the configuration of figure 1 as an example, and referring to figure 6, 
collimated radiation from 2 separate sources 36 and 37 is arranged to emerge from the radiation source unit 3 along 
a common axis 5 by the use of a plate 38 which may be part silvered or coated v«th a wavelength selective layer 
designed to reflect radiation from source 37 and transmit radiation from source 36 so that the emerging radiation is 
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cr^x\^\ Some of ihe radiation produced by the interaction with the sample 6 is collected by the lens 14 in the detector 
urn 1 whore it is split by beamsplitter 39 into 2 portions to be registered by detectors 31 and 32. A further variant on 
ih s Hrrangcmoni would be to use a single radiation source and measure the scattered radiation using 1 detector and 

lijorcsccni radiation with the second detector. 
(00351 It should be appreciated that the different arrangements of figures 1 to 6 may be used to assemble comblna- 
!C r.£. o! coiiimaicd sources and detectors to suit the measurement requirement. • 

100361 Tr.c collimalcd radiation sources may be for example lasers. If the collimated radiation source is plane polar- 
iso>3 It IS MC2vaniHgcous that the E vector is aligned vertically to the sample surface to obtain maximum transmission 

rt: trio in'c^i.icc . 

fo (00371 II IS h.gh'y desirable in making the measurements needed to characterise the sample that they do not interfere 
vta itn c.icn oincf and are not disturbed by changes in ambient radiation. There are a number of methods by which this 
c^n DC achieved One method is to modulate the radiation sources at different frequencies and to use synchronous 
oc!oct.on methods such as lock-in amplification to select only the radiation from the sample which was stimulated by 
in?cf,ic!on ^iih \tc intended radiation source. It may be advantageous to operate the different radiation sources one 

15 Mt ^ Time to rissist in separating the effects which are to be measured. 

I003«l cnMnqcs in ihc sample level will affect the intensity of the radiation received at the detector unit and it is 
ocs.t iCKMc coffcri lor this using acomputer or other means. Corrections are desirable to compensate forthree effects. 
Rctcf '.r ; K '.-uf c 1 inc f irst is that the proportions of the incident source radiation to be reflected and refracted at the 
sr.rti^ K: i*.n vHfv with ihe angle 6 at which the radiation strikes the sample surface and it is only the refracted 

20 irt J»cti.^- ^ . .tc-rtct with the sample to generate for example scattered or fluorescent radiation. The intensity 

of rnd -^ion rcvcvcd M (he detector will fall with increasing 6 according to the known laws of reflection and refraction. 
The 50C J of oc' 15 ir^^t trc strength of scattered radiation will generally depend upon the angle between the incident 
raduii^c .^r> J mc 5C-i?!cf direction, and this will depend upon the relative size of the particles and the wavelength of 
ihc r.id...t^^ ,^cordnq to tnc established theories of radiation scattering. The third effect is the inverse square law 

25 govo n.nq tf>o r.,ngo tx-twoon a point radiation source and detector of fixed aperture, which is approximated by this 
system w-.u most of mcso effects can be calculated, a convenient method of con-ection is to use a lookup table 
derived ro^ c^t>f^r^\ mc^su'cments in the computer for example, to normalise the measured radiation intensities for 
Ihe oiiocx^ •>! v^ryin*! fr^nry* ic the sample. 

[00391 A fu-^of ettort which can be compensated for occurs when the depth of sample is sufficiently small that 
30 reflected f i.,i!.on from the floor of the vessel, pipe or channel interferes with the measurement. For example, with 
crude scw^^gc s^-np cs this effect becomes significant with depths of less than about 80 millimetres of sewage depth 
and causes an incrcnsc in the scattered radiation detected. As with the range effect, a lookup table in the computer 
derived cmpifc^i y cfte'S a convenient method of applying a connection. 

[00401 The err^odimenis described all employ optical windows through which radiation is transmitted and received 

35 and these w.ndows may be subject to fouling from dust, condensation, spray, cobwebs and other sources. The optical 
arrangement of the present invention may be used to provide a measure of the degree of window fouling and thus to 
apply a cor-ec-.on for radiation losses at the windows. Referring to figure 7. the radiation source unit 3 is shown in the 
normal measunnq position using solid lines, where the collimated radiation beam 5 strikes the sample surface 6 and 
radiation from the interaction between sample and radiation enters the main detector 15 through the inclined window 

40 40 The rad.ai on source unit 3 may be raised under control of the computer 16 to the position shown by the dotted 
lines so that the coii.maied beam 5 enters the window 40 directly and reaches the auxiliary detector 41 . The measure- 
ments o' iniens.ty by the main detector 1 5 will vary with: the strength of the collimated source beam inside the radiation 
source unit 3 ihc nnonuation by the radiation source unit window 42; the attenuation due to the radiation path in air 
due to mist Of otrer losses: attenuation due to the detector unit window 40. The measurement made by the auxiliary 

45 detector with the radiation source unit in the raised position will therefore allow a correction to be applied which improves 
the accuracy cf tre measurement in the presence of some optical window fouling. It has the added benefit of providing 
regislraliot^ lot ino einguUi position measurement of the radiation source unit relative to the detector unit. Additional 
information m^y be gathered by moving the radiation source to the position below the nomial operating position also 
shown in broken .ncs. such that the collimated radiation strikes the sample at 43 and is reflected speculariy from the 

50 sample surface inio the auxiliary detector 41. The radiation intensity at the main detector 15 will depend upon the 
source iniensry 'osscs at the windows 42 and 40; losses in the transmission path; losses upon reflection. Provided 
that the rcltoct.on characteristics of the sample 6 are known, the reflection losses may be calculated from the angle of 
incidence a which is known from the rotational position of the source unit 1 , The measurements made in the two dotted 
positions rr.ay then be compared and provide a means of measuring and correcting for transmission losses in the air 
55 path. This bwof pos tion for the radiation source unit 3 also provides an alternative method for measuring the sample 
level to the us.ial moihod with the radiation source in the nomnal measuring position. 

[0041 ] This arrangomcnl cannot be used with the fixed radiation source units for example shown in figures 2 and 3 
but a similar correction for window fouling may be derived using the arrangement of figure 8. Referring to figure 8. the 
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fixed radiation source unit 3 includes one or nnore radiation sources 36 for the measurement of the sample character- 
istics as in for example figures 2 and 3 and the radiation detected from the interaction between radiation and sample 
is measured using detector unit 1 . In so doing the radiation passes through window 42 in the radiation source unit 3 
and the inclined v/indow 40 in the detection unit 1 . An auxiliary radiation source 37 is arranged in the radiation source 
s unit 3 so that its collimated beam 44 passes through the windows 42 and 40 at the same point as the radiation from 
the source 36 when making measurements on the sample, and it is detected by auxiliary detector 41 . This measurement 
will be attenuated by fouling of the windows 42 and 40 and can be used by the computer 16 to correct for the losses 
due to fouling on the windows. 

[0042] In the embodiments of figures 7 and 8 the auxiliary detector 41 can be replaced by a small reflecting sphere 
10 or thin wire placed inside the window 40. Such a wire would scatter radiation into the main detector 15 when the 
collimated source beam 5 of figure 7 or the auxiliary collimated beam 44 of figure 8 strikes the wire. The measured 
intensity at the main detector 1 5 would thus provide data from which a conrection for window fouling can be made. In 
the arrangement of figure 7 the wire or sphere would also provide registration for the swivelling collimated beam 5.. 
Whilst the wire or sphere would obscure a portion of the window 40 the wire or sphere would be made sufficiently small 
»5 so that the losses of scattered and fluorescent light from the sample 6 received at the main detector 1 5 were negligible. 
[0043] The invention may be used In handheld instrumentation. Referring to figure 9, the system is configured as a 
handheld unit 45 which is aimed at the sample surface 6 by the operator standing on the side of the channel 46. The 
optical axis 47 of the radiation source and the detector optical axis 48 are arranged to intersect at a range which is the 
middle of the expected range of operation. 
20 [0044] Referring to figure 1 0, the handheld unit has a radiation source unit 3 connected by a rigid arm 2 to a detector 
unit 1. It Is convenient for the anri 2 to be telescopic or hinged to enable the system to be stored and carried in a 
compact form. The lens 1 4 focuses the radiation received on the detector 1 5 which is a position sensitive device or an 
an-ay of detectors. By triangulation the range to the sample surface can be deduced from the position of the image of 
the radiation source on the sample surface, which moves laterally across the detector 15 as the range to the sample 
varies. In order to make correct measurements of the sample properties it is necessary to know the angle made by 
the source beam 47 and the sample surface. The system therefore includes an inclinometer which is connected with 
the radiation source and detector to a computer also included in the handheld system. 

[0045] The lens 14 in all of the examples given may be for example a fixed focus lens. For large ranges of sample 
level it may be necessary to replace this fixed focus lens with a variable focus lens under computer control or a self- 
30 contained automatic focus system. 

[0046] The present invention may be used for a range of possible measurements. An example Is the measurement 
of the polluting load of a wastewater. In this application, two radiation sources are used, the first at a red or infrared 
wavelength in the range 670 to 880 nanometres the second in the far blue or near ultraviolet in the range 360 to 410 
nanometres. Using these radiation sources, three measurements are made with the detection unit, the scattered ra- 
55 diation at the blue/near ultraviolet, the scattered radiation at the red/near infrared, and the fluorescence of the sample 
using the blue/near ultraviolet radiation as excitation and measuring the emission in the range 570 to 630 nanometres 
wavelength. It is found that for many wastewater samples a correlation exists between the suspended solids of the 
sample and the linear sum of the red/infrared scattered radiation (IR scatter) and the blue/near ultraviolet scattered 
radiation (UV scatter) of the form: 
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Suspended Solids = a^ x (IR scatter) + b., x (UV scatter) + c^ 

where a^ , b^ and c^ are constants to be determined for a given wastewater. 
[0047] It has also been found that for many wastewaters a correlation exists between the BOD and COD of a sample 
and the linear sum of the red/infrared scanered radiation (IR scaner), the blue/near ultraviolet scattered radiation (UV 
scatter) and the fluorescence of the sample using the blue/near ultraviolet radiation as excitation and measuring the 
emission in the range 570 to 630 nanometres (UV-red fluorescence) of the form: 

BOD = ag x (IR scatter) + bg x (UV scatter) + Cg (UV-red fluorescence) + dg 

COD = a3 x (IR scatter) ^b^x (UV scatter) + C3 (UV-red fluorescence) + dg 

where ag, bg .Cg .33. b3 and C3 are constants to be determined for a given wastewater 
[0048] For some wastewaters it may be advantageous to add non-linear tenms to these expressions for suspended 
solids. BOD and COD. 
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[0049] It h;^s further been found that for wastewater samples of similar origin the constants in the expressions for 
suspended solids. BOD and COD are very close to each other, thus enabling standard calibrations to be used. Samples 

may then be taken for analysis and used to trim the values of the standard constants. 

[00501 The size of the suspended material and its quality will be influenced by the flow velocity. Where the present 
invention includes a flow velocity measurement or where it is available as an input to the system computer, this can 
be added to the above correlation expressions to obtain an improved prediction of the pollution parameters. 
[0051 ) Some applications generate spurious high values for the scatter and fluorescence data caused by for example 
large ripples, foam and highly reflecting floating objects. The data can be smoothed by removing these spurious data 
values using for example a median filter. 

[0052] It will be appreciated that the invention described above may be modified. 



Claims 

1 . A device for monitoring one or more characteristics of a liquid or solid sample, comprising at least one source 
of collimaied radiation, and at least one deiectortorthecollimated radiation, the detector being capable of detecting 
radiation returning from the sample, wherein the optical axis of the radiation source or sources and the optical axis 
of the detector or detectors are non-parallel. 

2. A device according to claim 1 , comprising at least two sources of collimated radiation arranged side by side or 
arranged on a common optical axis. 

3. A device according to claim 1 or 2, comprising at least two radiation detectors an-anged side by side or an^anged 
on a common optical axis. 

4. A device according to any preceding claim, wherein the or each collimated radiation source is a laser. 

5. A device according to any preceding claim, further comprising means to enable the device to be held by hand, 
whereby the device is portable and can be used by handheld operation. 

6. A device according to claim 5. further comprising means to measure the range from the device to the sample 
surface, and wherein the range measuring means is preferably a position sensitive detector. 

7. A device according to claim 8, further comprising an inclinometer 

8. A device according to any preceding claim, further comprising means to accommodate changes in level of the 
sample. 

9. A device according to any preceding claim, wherein the radiation source is pivotable and controllable such that 
40 the interaction between radiation and sample occurs on or close to the optical axis of the radiation detector 

10. A device according to any one of claims 1 to 8, wherein the angle between the axis of the collimated radiation 
and the detector optical axis is controlled by the device using a mirror on a motorised rotating shaft such that the 
interaction between radiation and sample occurs on or close to the optical axis of the radiation detector 

45 

12. A device according to any preceding clainri, wherein the detector consists of a linear array of detectors, or a 
single position sensitive detector such that as the level varies the image of the region of interaction of the source 
radiation and sample moves laterally across the detector 

50 13. A device according to any preceding claim, wherein the radiation source and radiation detector are mounted 

together on a float which is free to move on one or more swinging amns or tethers maintaining a constant range 
between the radiation source and detectors and the sample surface. 

14. A device according to any preceding claim, further comprising means for measuring the losses across the 
55 optical windows, 

15. A device according to claim 1 4. wherein the means for measuring the losses across the optical windows includes 
a detector window arranged such that collimated radiation from the radiation source can be passed through the 
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radi.,ion source window and detector optical wir,dow directly, without interaction with the sample 

7dcLr ro orr^^^^ '""T^ '^-•^'-'"^ - -^'ation source. 

-u,cc rnus. pass^.rougM?:Ten:;^ olr^^^^^^^ 

aqueous sarrple. detecting radiaStumi L^^^^^^^^ ^"^''"'"^ '° ^^^''^ «^ the 

••»o aatH rccc-vod by the detector. '"'"'"''"""■"'^=^"^P'«"S'"9a<letectorofthedevice.and processing 
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